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ABSTRACT

Local soil conditions play an important role in development of ground vibrations from machine foundations.
A soil profile
predominantly effects the natural frequencies of foundation vibrations. This paper presents a method for obtaining a pre-construction
estimation of the natural frequency of damped vertical vibrations of foundations which will be built at a specific site for machines
with dynamic loads. The method pertains _principally
__ to the relationship between foundation frequencies and the natural frequencies
of the soil profiles at construction sites.
INTRODUCTION

SOIL EFFECT ON GENERATED

Man-made sources of vibrations such as vibrating machine
foundations create a set of problems. Therefore engineering
vibration investigations have been included in geophysical
exploration at construction sites, US Army Corps of Engineers
(1998).

The machine foundation-soil
system consists of two
components: the machine foundation installed on the ground
and the soil medium through which waves propagate from a
dynamic source.

On many machines, especially large ones, the soil conditions
and foundation are paramount to successful dynamic behavior.
It is well known that the natural frequencies of a foundation
are dominant parameters in design and specification of
foundations for machinery having dynamic loads. Knowledge
of the reliable values of natural frequencies allows more
accurate computation of vibration amplitudes and enables
engineers to avoid the conditions of resonance of foundation
vibrations.

VIBRATIONS

Soil profile at the site considerably effect machine foundation
vibrations. Therefore most analytical methods currently used
in assessing machine foundation vibrations require results of
in-situ and/or laboratory dynamic soil tests. There are
different techniques for laboratory and field evaluation of
dynamic soil properties and behavior, Woods and Stokoe
(1985).

The natural frequency of foundations can be calculated on the
basis of dynamic features of the foundation-soil system: mass,

The studies of ground vibrations induced by a vibrator
installed on the ground revealed that ground vibrations had
several maximums in addition to the main maximum
corresponding to the maximum on the resonance
curve
of
forced vibrations of the wave source, Kijhler (1932) and

stiffness, and damping. There is no singular, generally

Barkan (1962). These additional maximumswere explained

accepted opinion on the nature of these features. However,
there have been many theoretical and experimental approaches
for determination of the characteristics of the foundation-soil
system, for example, Barkan (1962), Richart et al. (1970) and
Gazetas (1994), but the application of the various methods
often does not give consistent results.

by the phenomena of wave interference and coincidences of
the natural frequency of soil layer vibrations and the frequency
of propagating waves.

This paper has suggested a new method for evaluation of the
natural frequency of vertical damped foundation vibrations
before foundation installation. The method has been founded
on the relationship between measured natural frequencies of
foundation vibrations and natural frequencies of the soil
profiles at construction sites.
Paper No. 2.33

The fundamental period of soil profile is used in resolving
vibration geotechnical problems. Observations and studies
have indicated that machine foundation vibrations may be
increased at operating frequencies below the natural frequency
of the soil profile, Singh and Nagral (1993). Also, it was
found that excessive damage due to earthquakes occurs when
the fundamental frequency of soil profile is near to that of
structures, Dobry et al. (1976) and Roesset (1977).
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The effect of soil profile on ground vibrations is developed
much stronger in very long waveforms,
By way of
illustration, time-history displacement records of vertical and
horizontal ground vibrations at distance of 266.0 m from the
foundation for a powerful drop hammer are shown in Fig. 1.
The falling mass of the drop hammer was 15.0 tonnes and the
maximum drop height was 30.0 m. The soil profile at a site
consisted of about 1.6 m of loose sand followed by about
6.8 m of medium dense sand and 1 m of sandy clay underlain
by about 10 m of slightly moist sand. The water table was
about 6 m below grade.
Rayleigh wave velocity was
270 m/set.

Predicted

a &n

Measured

For both vertical and horizontal displacement, three records of
ground vibrations are depicted: predicted and measured
records from operating machine, and also impulse response
function (IRF).
In this study, IRFs were measured on the ground surface at
the moment of impact on the ground at the place near the
machine foundation. Experimental IRFs reflect real behavior
of soil and structures without investigation of the soil and
structure properties.
IRFP method (Svinkin, 1997b and
1999b) was used to predict ground displacement from a
vibrating machine foundation.
It can be seen that the IRFs have strong resemblance to the
actual vibrations recorded from the operating machine,
reflecting a very close correlation to record shapes of the
measured vibrations. Both compared ground vibration records
demonstrate the proportionality of measured displacement to
the values of impact loads applied on the ground and the
It was shown that the effect of
machine foundation.
foundation-soil system parameters is negligible beyond certain
distance from the machine foundation, and only the impulse
force transmitted from a machine to the foundation affects
ground vibrations. On the other hand, a local soil medium
makes a major contribution in ground vibrations, Svinkin
(1996b, 1999a).
METHOD CONCEPT
Dynamic loads on the ground induce elastic waves in the soil
medium and these waves are transmitted through the soil in all
directions. The spectra of soil vibrations excited by impact
forces show a few maximums with the dominant frequency of
the surface wave. Frequencies of elastic waves are stable
quantities which have been found to be characteristics for the
site investigated. Actually, these frequencies are the natural
frequencies of the soil layers and the values obtained do not
practically depend on conditions at the contact area where
impacts are made directly on the ground, Svinkin (1996a).
It was found that the natural frequency of vertical damped
vibrations of a foundation or other rigid body installed on the
ground coincides with the dominant natural frequency of the
soil profile, Svinkin (1997a, 1999a). The reason for the
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Fig. 1. Vertical and horizontal ground vibration displacement
at distance of 266.0 m from drop hammer foundation: impulse
response functions, predicted and measured records.

revealed coincidence is that vertical foundation vibrations are
highly damped by geometric and hysteretic soil damping and
therefore only the site response is important. Hence, this
finding is a method for estimating natural frequencies of
vertical damped vibrations of machine foundations before
foundation construction.
The method comprises the steps of a) impacting the ground
with a weight to excite natural vibrations of the soil profile
from a specific input location and thereby producing vibration
responses at output locations on the ground; b) measuring and
recording the vibration responses at output locations on the
ground; c) conducting
spectrum
analyses
overtherangeof the
ground vibration records derived in the preceding step:
d) determining the dominant frequency of the soil profile from
the preceding step, and using that frequency as an estimate of
the frequency of vertical damped vibrations of the machine
foundation.

TEST PROCEDURE
The soil conditions at the site effect machine foundation
vibrations at the location of foundation installation on the
As used herein, “the ground under machine
ground.
foundation” includes the soil stratifications immediately below
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Fig. 2. Frequency of foundation under press-drop hammer;
foundation vibrations (a) and their spectrum (c), ground
vibrations (6) and their spectrum(d).
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Fig. 3. Frequency of foundation under forge hammer;
foundation vibrations (a) and their spectrum (c), ground
vibrations (a) and their spectrum(d).

CASE HISTORIES
ground surface or existing excavation. The vibration input
and output locations are within a limited area for future
machine foundation installation, but the output locations are
beyond the zone of plastic deformations of the ground caused
by impact forces.
The following
is a description of consistent steps to
performing the test for evaluation of the natural frequency of
vertical foundation vibrations.
l
Natural vibrations of a soil profile are excited by impacts
directed on the ground at the chosen location for future
installation of a machine foundation. For this purpose, the use
of a steel weight and a bridge or mobile crane would be
practical.
l
Magnitudes of the impacts should correspond to the values
of known operative dynamic loads on the designated machine
foundation. Impacts of a certain magnitude are made. It is
preferable that the magnitude of the impact corresponds to
somewhat less than the vertical impulse force generated by the
machine and applied to the foundation to be constructed at the
site.
l
While impacting the soil base, soil vibrations are
measured nearby the contact area, but beyond the zone of
plastic soil deformations. Time domain records are obtained
during such measurements.
l
Spectrum analyses are performed on the records of
measured vibrations.
The dominant frequency of the soil
profile is found from the spectra of these soil vibration
records. The dominant frequency of spectra of soil vibrations
at the location for installation of the machine foundation is an
estimate of the natural frequency of vertical damped vibrations
of the specified machine foundation. If the spectrum analyses
conducted over the range of vibration responses measured at
the output locations result in several frequency maximums
with equal ordinates, which is highly unlikely, then the lowest
frequency should be used.
Paper No. 2.33

A new approach is illustrated by two case histories.

Case 1
A foundation for a press-drop hammer with falling parts of
3.9 kN had an area of 12.3 m* in contact with soil. The soil
at the site consisted of about 1.5 m fill followed by about 8 m
brown-yellow, moist, medium density, fine sand. The impulse
of vertical force for impact on the soil was equal to
2.4 kN-set in the test and the impulse transmitted to the
machine foundation was 34.7 kN-sec. The ratio of these
impulses formed 14.5. Soil vibrations (b) and foundation
vibrations (a) are shown in Fig. 2. Spectra of soil vibrations
(d) and foundation vibrations (c) have the same frequency
maximum.

Case 2
A foundation for a forge hammer with falling parts of 7.1 kN
had an area of 80.0 m* in contact with soil. The soil profile
consisted of about 2 m of fill material followed by 5-6 m of
brown-yellow,
loess loam with solid consistency but
slump-prone properties underlainby 7-9 m of fine sand
deposited on another layer of yellow-brown, solid consistency
loam. There was no ground water identified to a depth of
10 m. The impulse of vertical force for the impact on the soil
was equal to 1.9 kN-set in the test and the impulse transmitted
to the machine foundation was 78.5 kN-sec. The ratio of
impulse values was 41.3. Soil vibrations (b) and foundation
vibrations (a) have spectra (d) and (c) respectively with the
same frequency maximum (Fig. 3).
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DISCUSSION OF RESULTS
The method works because vertical motion of the machinefoundation-soil system is naturally high damped, so only the
site profile response comes through.
In general, soil profiles are nonlinear systems and the
dominant frequency of soil profiles depends on the applied
impact. Over a certain range, however, the system behavior
may be linear and if the system is restricted to this range it is
possible to safely use the linear approach. This is the reason
why the magnitude of impact on the ground can be an order
of magnitude less than the value of operating machine impulse
for the permissible vibration level. Still, this ratio might be
more than ten for some soil conditions as it was shown in the
presented above case histories where it could be seen the good
coincidence of natural frequency of vertical damped foundation
vibrations with the corresponding natural frequency of the soil
profile.
On the first review, the concept presented here may seem
contrary to known concepts of soil dynamics. These concepts
affirm that natural frequencies of foundation vibrations depend
not only on soil properties but on foundation dimensions,
masses, and embedment as well. However, there are no
contradictions.
Heterogeneous soil profiles with various
stratifications can have unequal dominant frequencies of
natural vibrations for different locations on an industrial site.
Machine foundations with different parameters, mounted on
like soil profiles, will have unequal natural frequencies of their
vertical damped vibrations. In the case when the soil profile
of a site is a homogeneous medium with one dominant
frequency of natural vibrations, all foundations for machines
with adequate impact loads installed on this site will have the
same natural frequency of their vertical damped vibrations.
Similar case histories are observed in practice, Zabylin (1966).
An analogy with a simply-supported beam can be used for
additional explanation of presented concept. A small lump
mass connected with the beam does not change the
fundamental beam frequency. However, a large mass added to
the beam could considerably affect the fundamental frequency
of the new dynamic system. A similar situation is for a
foundation installed on the ground. The soil profile is a
physical body with its own natural frequencies of soil layers.
Added

foundation

mass is relatively

small compared

to the soil

The contribution of soil stratification at a site to vertical
damped foundation vibrations is much more significant than
the contribution of machine foundations themselves.
A new method has been suggested for pre-construction
evaluation of the natural frequency of damped vertical
vibrations of foundations for machinery with known vertical
impact loads which will be installed at a construction site.
The method is founded on the relationship revealed between
the natural frequencies of damped vertical vibrations of rigid
bodies installed on the ground and the natural frequencies of
the soil profiles. Good agreement is found between predicted
and measured frequencies.
The method can contribute additional information for
geotechnical site characterization and may be considered as a
part of engineering vibration investigation at a construction
site.
The use of the method provides a means for accurate
assessment of the natural frequencies for machine foundations
prior to their erection at a specific site.
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